Objective: To assess the prevalence of high central aortic pressure (CAP) in Indian patients with uncontrolled essential hypertension while on anti-hypertensive monotherapy. Also, to determine correlation between brachial blood pressure (BBP) and CAP, and ascertain if it is impacted by anti-hypertensive drug class and patients' age. Methods: In this real-world, observational, prospective study, patients (30e70 years) with uncontrolled BBP (systolic BP [SBP] !140 mmHg or diastolic BP [DBP] !90 mmHg) were enrolled. Treatment was adjusted at Visit 1 (baseline), based on BBP and at treating physicians' discretion. Primary endpoint was proportion of patients with uncontrolled central aortic SBP (>125 mmHg) at baseline. Secondary endpoints were comparison of BBP and CAP across drugs classes and age groups at baseline and Visit 2 (Endof-study,~8 weeks post-baseline), and proportion of patients with uncontrolled central SBP at end-ofstudy. Results: Of 2030 patients screened, 1949 patients reported at baseline and 1740 patients completed endof-study visit. Central SBP was >125 mmHg for 84.3% patients at baseline, and 48% patients at end-ofstudy. Interestingly, at end-of-study, 6.6% patients still had uncontrolled brachial SBP and controlled central SBP, while 13.6% patients had uncontrolled central SBP and controlled brachial SBP. At both visits, brachial SBP and central SBP showed positive correlation across most drug classes and age groups. At baseline, ACE inhibitors showed better efficacy than other drug classes. At end-of-study, BP control was better with fixed-dose combinations, though freeedrug combinations were more frequently prescribed. Conclusion: Measurement of CAP along with BBP can be vital in management of hypertension. Ctri registration number: CTRI/2015/10/006302.
Introduction
Hypertension, defined as elevated systolic or diastolic blood pressure (SBP/DBP !140/90 mmHg according to JNC 7 1 and !130/ 80 mmHg according to ACC/AHA guidelines 2 ) has causal association with cardiovascular events. 3, 4 Traditionally, the diagnosis and management of hypertension has been done based on brachial blood pressure (BBP), also considered as the surrogate marker for estimating cardiovascular risk. 5, 6 However, emerging data shows that central aortic pressure (CAP) rather than BBP is a more sensitive marker of cardiovascular events such as stroke and myocardial infarction, and a better predictor of progression of hypertension, target-organ damage, and long-term cardiovascular outcomes. 7e9 Therefore, using CAP as a prognostic tool may help in efficiently managing patients with essential hypertension and achieve better clinical outcomes. Though, the current evidences indicate CAP as a valuable predictor of all-cause mortality and CV events; lack of widespread and routine use of CAP in clinical practice limits the prognostic utility of it. 10e12 In order to bridge the gap in current knowledge, we evaluated the prevalence of CAP in uncontrolled, uncomplicated essential hypertension in Indian patients receiving anti-hypertensive monotherapy. Additionally, correlation between BBP and CAP, and effect of age and drug class, if any, on such correlation was evaluated.
Methods

Study design and enrolment criteria
This national, multicenter, observational, prospective, realworld, Sanofi-sponsored study was conducted between August 2015 and September 2016. In this study, 108 physicians randomly selected across India, actively recruited patients in a consecutive manner.
The study recorded data at two clinic visits; a baseline visit (visit 1) and end of study (visit 2) planned at 8 weeks (±15 days) after the visit 1.
The study included adult patients (aged 30e70 years), with uncontrolled essential hypertension (brachial SBP !140 mmHg or brachial DBP !90 mmHg) despite receiving anti-hypertensive monotherapy for at least a month and hence were prospective candidates for an add-on therapy.At the time of recruitment, an add-on anti-hypertensive therapy (fixed-dose combination [FDC] or freeedrug combination) was prescribed. Pregnant women or patients with hypertensive emergencies, known cases of secondary hypertension or known cases of complications due to hypertension, were excluded.
Study endpoints
The primary endpoint was the proportion of patients with a central aortic SBP >125 mmHg at visit 1. 6, 13, 14 The secondary endpoints were the comparison of BBP and CAP across drugs classes and age groups at visit 1 and visit 2, and the proportion of patients with uncontrolled, uncomplicated hypertension as assessed by central SBP >125 mmHg at visit 2.
Data collection and study assessments
Data for visit 1 and visit 2 were recorded in the electronic casereport form. Treatment was adjusted at visit 1 and patients were followed-up at visit 2. The treatment decisions, including drug regimen and timings of doses, at visit 1 were based on BBP measurements and at treating physicians' discretion. Both visits to the clinic were conducted according to clinical practice. The CAP was measured using cuff-based oscillometry device (Pulsecor BP Plus, Uscom, Australia), which monitors supra-systolic oscillometric CAP. 15, 16 The device measures BP and BP waveforms in the heart and in the arm that could previously only be measured by invasive cardiac catheterization. The BBP was measured in same manner as in routine clinical practice. Both CAP and BBP were measured in a sitting posture after~5 min of rest, with the cuff placed on upper arm. Both readings were obtained at least in duplicates at an interval of 5e10 min, and the mean of two readings was used for analyses. As no product exposure was studied in particular and established anti-hypertensive agents were used, only a nonsystematic collection of safety data was performed. Safety was to be assessed in terms of occurrence of adverse drug reactions (ADRs) with Sanofi products, coded using Medical Dictionary for Regulatory Activities version 18.0. Any reported ADR associated with Sanofi drug were to be closely monitored and followed-up by the pharmacovigilance department.
Statistical analyses
The sample size was estimated based on the SITE study 17 which included Indian patients with diabetes and hypertension. Assuming the prevalence of essential hypertension uncontrolled on an antihypertensive monotherapy as 77.1%, for an absolute precision of 2% measured with a 95% confidence interval (CI), 1696 evaluable patients were required. Considering a drop-out rate of 15%, the planned sample size was 2000 patients.
All patients in the study were included in the eligible population. All primary and secondary analyses were conducted on the evaluable population, defined as a subset of patients of the eligible population, having no major protocol deviations including nonconformity to the eligibility criteria.
Data were summarized using descriptive methods, and mean differences were presented with 95% CIs. The 95% CIs for proportion of patients with central SBP >125 mmHg at visit 1 and visit 2 were derived by Clopper and Pearson method. Paired t-test was used to compare the BBP and CAP for anti-hypertensive drug classes and age groups at both visits. Pearson's correlation coefficients between BBP and CAP were presented for each anti-hypertensive drug class and each age group separately for both visits. All statistical analyses were performed using SAS ® version 9.2 (Cary, NC, USA).
Ethics
The study was conducted in accordance with the principles of 18th World Medical Assembly (Helsinki, 1964) and all subsequent amendments. The study complied with the guidelines for Good Epidemiology Practice and all applicable international guidelines, national laws, and regulations of India. Study protocol was approved by local Institutional Review Board/Independent Ethics Committee (Appendix A). All patients signed a written informed consent prior to study initiation.
Results
Patient disposition
A total of 2030 patients were screened from 95 sites by actively recruiting physicians in 37 cities across 15 states and one union territory of India. Twenty patients were recruited by 54 sites, <20 patients were recruited by 18 sites, and more than 20 patients were recruited by 23 sites. Of the, 1955 patients meeting the eligibility criteria; 1949 eligible patients had no major protocol deviations at visit 1. A total of 1740 patients completed the follow-up at visit 2 ( Fig. 1 ). There were 14 subjects whose duration of hypertension was <1 month and range for hypertension duration was 7e15 days. The information were recorded and analysed. Based on investigator's judgment, this was categorized as 'minor' deviation and not a protocol violation; it did not affect the patient safety. Hence these subjects were included in the per-protocol population.
Demographics and baseline characteristics
Demographics and baseline characteristics are presented in Table 1 . Prior to visit 1, patients were receiving mainly angiotensin II receptor blocker (ARB, n ¼ 896, 46%). At visit 1, treatment was adjusted and dihydropyridine calcium channel blockers (DHP-CCB, n ¼ 598, 30.7%) were most frequently prescribed (Table 1) .
Patients with uncontrolled BP at visit 1 and visit 2
At visit 1, all patients in the per-protocol population had either elevated brachial SBP or brachial DBP (as per the inclusion criteria); after treatment adjustment, patients with uncontrolled BBP reduced to 51.8% (95% CI 49.0e54.0) at visit 2.
Uncontrolled central SBP (>125 mmHg) was reported in 84.3% (1643/1949); 95% CI 83.0e86.0) patients at visit 1 and in 48% (836/ 1740; 95% CI 46.0e50.0) patients at visit 2.
BBP and CAP: overall population and across drug classes
At visit 1, in the overall population, the mean difference between brachial SBP and central SBP (14.2 mmHg, 95% CI 13.611e14.797) and between brachial DBP and central DBP (5.9 mmHg, 95% CI 5.478e6.401) were significant and was reflected across individual drug classes ( Fig. 2a , p < 0.0001). There was a moderate positive correlation (r range: 0.59 to 1.0) between brachial SBP and central SBP across most of the drug classes except centrally-acting anti-adrenergic agents (r ¼ À1.0) ( Supplementary  Table 1 ). However, correlation could not be derived for non DHP-CCB due to small sample size.
At visit 1, mean brachial SBP/brachial DBP were 156.5/ 96.3 mmHg and mean central SBP/central DBP were 142.3/ 90.3 mmHg (Tables 1, 2 ). Patients treated with angiotensin converting enzyme inhibitors (ACEI) had the lowest mean central SBP (139.9 mmHg) among the individual drug classes (ARB, 142.9 mmHg; DHP-CCB, 141.3 mmHg; beta-blockers [BB], 144.4 mmHg) and significantly lower central SBP compared with BB (mean difference 4.5 mmHg, p < 0.0345). Similar trend was observed in central DBP, brachial SBP and brachial DBP, where BP was numerically lower with ACEI than other drug classes ( Table 2) .
At visit 2, in the overall population, the mean difference between brachial SBP and central SBP (9.9 mmHg, 95% CI 9.553e10.413) and between brachial DBP and central DBP (4.6 mmHg, 95% CI 4.287e5.025) were significant and was also reflected across individual drug classes and combination therapies ( Fig. 2b , p < 0.0001 for all, p ¼ 0.0065 for between brachial DBP and central DBP for LCDs other than thiazides). Among FDCs with few patients (n < 20), FDC ARB þ DHP-CCB had significant mean difference between brachial Table 2 ). The correlations could not be derived for the remaining drug classes (high-ceiling diuretics, potassiumsparing agents, non DHP-CCB) and FDCs (ACEI þ low-ceiling diuretics [LCD] thiazide) due to small sample size. Following treatment adjustment, the mean brachial SBP was within normal range (133.3e138.4 mmHg) for individual drug classes. Noticeably, mean central SBP ranged close to normal at visit 2 (124.7e128.8 mmHg) in comparison to visit 1 (139.9e144.4 mmHg). Most FDCs (ACEI þ DHP-CCB, ARB þ LCD thiazide, ARB þ DHP-CCB, and BB þ DHP-CCB) except ACEI þ LCD thiazide not only controlled brachial SBP, but also normalised central SBP. However, except ACEI þ DHP-CCB, only few patients (n < 20) received the other FDCs. Free-drug combinations were more frequently prescribed than FDCs, and also helped in reducing brachial and central SBP ( Table 2) . Among the freeedrug combinations, ACEI þ CCB group had the least central SBP and brachial SBP ( Table 2) .
BBP and CAP: across age groups
A strong positive correlation between central SBP and brachial SBP was observed at visit 1 (r range: 0.70e0.73) and visit 2 (r range: 0.73e0.77) across all age groups except for patients in the 41e50 years age range that had moderate-to-strong correlation at visit 2 (r ¼ 0.65).
At visit 1, brachial SBP was poorly controlled with increasing age, but no such trend was observed with central SBP across age groups ( Supplementary Fig. 1a ). At visit 2, both brachial SBP and central SBP remained consistent across all age groups, and well within the recommended BP cut-offs values ( Supplementary Fig. 1b ).
The mean difference between brachial SBP and central SBP at visit 1 across age groups was similar to that seen in overall population (~14 units), except for those in the 30e40 year age group where this difference was 12.6 units ( Supplementary Fig. 2a ). At visit 2, the mean difference between brachial SBP and central SBP across age groups was similar to overall population (~10 units) and decreased by 2e6 mmHg from visit 1 ( Supplementary Fig. 2b ).
Characteristics of patients with controlled or uncontrolled central SBP/brachial SBP at visit 2
Uncontrolled brachial SBP (!140 mmHg) but controlled central SBP ( 125 mmHg) was reported in 6.6% (n/N ¼ 114/1740) patients. These patients (mean ± standard deviation [SD]) age of 52.3 ± 9.6 years had history of hypertension for 3.0 years [median; range (0.0821e20.0 years)] and diabetes as the most common (46.5%, n/ N ¼ 53/114) comorbidity. The commonly prescribed treatments to these patients at Visit 1 included ARB (50.9%, n/N ¼ 58/114), DHP-CCB (43.9%, n/N ¼ 50/114), ACEI þ DHP-CCB FDC (22.8%, n/N ¼ 26/ 114), BB (21.9%, n/N ¼ 25/114), and ACEI (15.8%, n/N ¼ 18/114).
Uncontrolled central SBP (>125 mmHg) but controlled brachial SBP (<140 mmHg) was reported in 13.6% (n/N ¼ 237/1740) patients. These patients (mean ± SD) age of 52.5 ± 10.0 years had history of hypertension for 4.0 years [median; range: (0.0191e30.0 years), and diabetes (40.9%, n/N ¼ 97/237) and dyslipidaemia (24.5%, n/N ¼ 58/ 237) as the most common comorbidities. The commonly prescribed treatments to these patients at Visit 1 included ARB (58.6%, n/N ¼ 139/ 237), DHP-CCB (44.7%, n/N ¼ 106/237), ACEI (32.9%, n/N ¼ 78/237), BB (25.3%, n/N ¼ 60/237), and LCD thiazide (11%, n/N ¼ 26/237). 
Safety
No ADRs with Sanofi products were reported in this study. Two deaths occurred during the study in patients who were not on any Sanofi product and which were attributed to an unknown cause.
Discussion
The study showed that CAP was largely uncontrolled in majority of patients with uncontrolled BBP who were being treated with prior anti-hypertensive monotherapy, thus predisposing these patients to an increased cardiovascular risk. 8 The uncontrolled CAP could be due to the fact that only BBP is considered by physicians to decide the treatment regimen that may be due to the cautious recommendations in the available guidelines on extensive clinical use of central BP. 18, 19 Central aortic pressure is a net effect of left ventricular contraction and peripheral vascular resistance and undergoes augmentation and peripheral amplification due to changes in the diameter and elasticity of arterial tree. 6 Augmentation increases the absolute aortic systolic pressure and is attributed to variation in cardiac ejection pattern, alteration in the various reflecting sites, arterial reservoir pressure, and an increased stiffness in aorta as well as in large arteries resulting from age or disease processes. 20 The peripheral amplification results in to a higher brachial SBP, up to 40 mmHg, than the central SBP; whereas, the diastolic and mean arterial pressures remain relatively constant. 6 In this study, we have used the Pulsecor device to measure central BP among other devices that can estimate central aortic waveform with different methods of measurement. 6 Central SBP estimated by Pulsecor was found to be highly reproducible and comparable to that estimated by tonometry and showed a good correlation with that estimated by invasive method. 16, 21 It is evident from recent literature that measurement of CAP (rather than measurement of BBP alone) helps in evaluation of the actual pressure load imposed on the left ventricle. 5, 22, 23 Besides, the BP amplification (difference between central SBP and brachial SBP) has been established as strong indicator of cardiovascular risk. 24 Therefore, prognostic value of CAP has important implications in clinical setting. In this context, the 'LOW CBP' study initiated to determine whether CAP can be a therapeutic target in management of hypertension, will provide further proof to the importance of CAP. 25 At visit 1, among the most commonly prescribed medications, patients treated with ACEI had the least BP. At visit 2, in general, freeedrug combinations were more frequently prescribed than FDCs. Systemic reviews of retrospective and prospective clinical studies as well as meta-analysis 26 of randomized clinical studies in the hypertensive patients indicate that FDCs achieve better treatment adherence, patient compliance compared to freeedrug combinations, but could not substantiate the BP-lowering efficacy and side effects of FDCs. 27 Previous studies have shown that antihypertensives have similar impact on BBP, however, substantially different impacts on CAP. 28 In a small (n ¼ 30) randomized, doubleblind, placebo-controlled trial, ACEI attained a significant decrease in central SBP than BB (average decrease of 5.2 mmHg, p < 0.0001) compared to brachial BP. 29 Moreover, the earlier small studies, meta-analysis, and a recent Japanese cross-sectional study have demonstrated that the vasodilatory antihypertensives (CCB, ARB, ACEI, alpha-blockers) lower CBP more than any non-vasodilatory class (diuretics and BB), but the brachial BP was lowered to the same level. 30, 31 In the CAFE trial, conducted in 2199 patients with hypertension and receiving anti-hypertensive drugs (betablocker þ LCD, CCB þ ACEI) for 4 years in a controlled manner, despite similar brachial SBP between treatment groups (difference, 0.7 mmHg), there was substantial reduction in central SBP with ACEI þ DHP-CCB versus beta-blocker þ LCD (difference, 4.3 mmHg, p < 0.0001). 32 Another prospective randomised study (EXPLORE) showed that in 393 patients treated with anti-hypertensive drugs, central SBP decreased significantly more with ARB þ DHP-CCB versus beta-blocker þ DHP-CCB (difference in change from baseline, 4 mmHg, p ¼ 0.02) after 24 weeks treatment, despite similar changes in brachial SBP between treatment groups after 4 weeks treatment. 33 However, any such conclusion could not be drawn in our study as patients at baseline were not treatment naïve, which precluded any comparison with respect to baseline BP measurements. Additionally, there was variability between the patients with respect to baseline characteristics in individual drug classes.
The mean difference between brachial SBP and central SBP at visit 1 and visit 2 was~14 mmHg and~10 mmHg, respectively in our study. This trend was consistent across age groups with minimum variability. Since CAP is known to be associated loglinearly with age, indicating it as a marker of vascular aging, 7 the lack of variability in CAP and BBP with age in our study fails to reflect the impact of arterial stiffness. An interesting observation from this study was the difference between brachial DBP and central DBP (~5 mmHg). There are limited literature available that indicate the difference between brachial DBP and central DBP essentially not varying more than 1e2 mmHg. 32, 34 Our study is observational in nature and shows real-world pattern in India and may differ from the study designs of controlled trials and in the use of central BP measurement device. In our knowledge, there is no standard threshold of central DBP; therefore, the difference between brachial DBP and central DBP in our study is difficult to compare with other studies. There can be different reasons for the observed difference in DBP that need to be further looked into detail in future studies.
Previous studies have shown that different anti-hypertensive drugs have differential action and outcomes on central SBP and brachial SBP. 35, 36 In our study, 13.6% patients had controlled brachial SBP but uncontrolled central SBP, and 6.6% patients had uncontrolled brachial SBP but controlled central SBP at visit 2, therefore supporting the available evidence. Considering CAP more precisely predicts cardiovascular events, 8, 28 the central SBP uncontrolled patients may be at a high risk of cardiovascular events. Nonetheless, since this is a real-world observational study, where treatment groups were uncontrolled, the results may vary based upon their baseline characteristics.
It was observed in our study that treatment adjustment at visit 1 lowered central SBP from 84.3% to 48% and brachial SBP to 51.8%. Though, the treatment adjustment based on BBP at visit 1 improved the treatment outcome at visit 2 in terms of both BBP and CAP, the patients needed further treatment adjustment for better management of hypertension. Considering the findings and results from the 'BP guide' study, it might be important to account measurement of CAP while making treatment decisions to achieve better therapeutic outcomes. 34 
Conclusions
Overall, the findings of this study highlight the importance of measuring CAP along with BBP while making the treatment decisions with anti-hypertensives belonging to different drug classes. Any discrepancy between CSBP and BSBP readings may have a clinical implication in terms of vascular complications due to higher CSBP yet controlled BSBP, and hypotensive symptoms due to overtreatment based on higher BSBP yet controlled CSBP. This underlines the need of tailored treatment, based upon both CAP and BBP measurements. In future, with the support of robust clinical data, it will be plausible to make treatment decisions based on both BBP and CAP for better management of hypertension in clinical settings.
Limitations
This study being observational in nature had important and pertinent limitations. First, none of the assessments were mandatory nor the treatment groups were uncontrolled. Therefore, the results need to be cautiously interpreted. Second, patient populations (overall and across drug classes) at both visits were not uniform with respect to baseline characteristics. Third, dosage and frequency of drugs varied among the populations making it difficult to draw conclusive inferences. Fourth, being a short-term study (2 months) the findings cannot be extrapolated to conventional hypertension treatment, where drugs are usually prescribed for a long-term. Fifth, non-invasive CAP estimation is device/techniquedependent, 37 hence caution needs to be exercised when extending the findings of this study while using other devices and techniques. Sixth, the sample size was calculated based on the SITE study. 17 The BP was measured in adult patients 30e70 years of age only, excluding patients of 18e29 years and >70 years. Hence, we acknowledge that the selection of patient within 30e70 years may have undermined the overall prevalence of CAP in adults. Future studies including patients with a broader age range will provide more evidence in this regard. Lastly, the cut-offs for BBP are well defined (140/90 mmHg), but the same is not true for CAP. Some studies have used the cut-off for CAP as~125/90 mmHg, but further research is required. 6 
What is already known
Central aortic blood pressure is a more sensitive marker for cardiovascular events than brachial blood pressure.
What this study adds
This study reinforces the importance of measuring central aortic blood pressure along with brachial blood pressure while optimizing anti-hypertensive drug therapy. CTRI Registration Number: http://ctri.nic.in/Clinicaltrials/login. php, identifier CTRI/2015/10/006302.
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